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FIG.3
CODE NAME CODE TABLE CODE SIZE TABLE
0b000_ESC (8 BIT) 11
ESC 0b000_ESC (16 BIT) 19
0b000_ESC (32 BIT) 35
INDEX 00 0b001 3
INDEX 01 00010 3
INDEX 02 0b011 3
INDEX 03 0b1000 4
INDEX 04 0b1001 4
INDEX 05 06110100 6
INDEX 06 0b110101 6
INDEX 07 0b110110 6
INDEX 08 0b110111 6
INDEX 09 0b1110000 7
INDEX 10 0b1110001 7
INDEX 11 0b1110010 7
INDEX 12 0b1110011 7
INDEX 13 0b1110100 7
INDEX 14 0b1110101 7
INDEX 15 0b1110110 7
0b1111000 (8 BIT) 7
LINE HEADER | 0b1111001 (16 BIT) 7
0b1111010 (32 BIT) 7
CODE END 0b11111 5
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FIG.4
DICTIONARY DATA INDEX

0x0123_0000 0
0x4567_0000 1
Ox89AB_0000 2
OxCDEF_0000 3
0x3210_0000 4
0x7654_0000 5
OxBA98_0000 6
OXFEDC_0000 7
0x0000_0000 8
0x1111_0000 9
0x2222_0000 10
0x3333_0000 11
0x4444_0000 12
0x5555_0000 a3
0x6666_0000 14
0x7777_0000 15
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FIG.5
DICTIONARY DATA INDEX
0x5555_0000 0
0x0123_0000 1
0x4567_0000 2
0x89AB_0000 3
0xCDEF_0000 4
0x3210_0000 5
0x7654_0000 6
0xBA98_0000 7
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0x0000_0000 9
0x1111_0000 10
0x2222_0000 11
0x3333_0000 12
Ox4444_0000 13
0x6666_0000 14

0x7777_0000

~
81




U.S. Patent

Jul. 28, 2015 Sheet 6 of 27 US 9,092,717 B2
23
IMAGE
64t DATA v
$ <23(1) v <23(2) v <233)
8-BIT-UNIT 16-BIT-UNIT 32-BIT-UNIT
MATCH-TOTAL MATCH-TOTAL MATCH-TOTAL
QUANTI- COMPUTATION COMPUTATION COMPUTATION
ZATION UNIT UNIT UNIT
VALUE
- V V
v 81 s | 180 235 ¢ 87 (238
QUANTIZATION QUANTIZATION QUANTIZATION
DEVICE DEVICE DEVICE
$ 238) ¥ v ¥ <23(7)
REGISTER MATCH-MAX MTF-DATA-WIDTH SELECTION UNIT

T

lMTF-DATA WIDTH VALUE

MTF-DATA IMAGE
WIDTH VALUE DATA 28
644 ‘-/
v <28(1) v <28(2) 4 <283)
8-BIT-UNIT 16-BIT-UNIT 32-BIT-UNIT
CLIPPING CLIPPING CLIPPING
PROCESSING PROCESSING PROCESSING
UNIT UNIT UNIT
324 24 324
! Y 1 284
> MUX

32% CLIPPED DATA



U.S. Patent Jul. 28, 2015 Sheet 7 of 27 US 9,092,717 B2

FIG.8

IMAGE DATA 23(1)

64 BIT

8 BIT 8BIT, _8BIT _8BIT 8BiIT, 8BIT__8BIT _8BIT

D
| A B c D E F G H |
23(12) 23(11)
. 8L 8L 84X  8f 84 8 84 8L
| OLD
s ¥
Y VY Y V Yy V Y Y Y VY Y VY \ A / \ 4
23(13)
8 8 8 8 8 8 8 8

8-BIT 8-BIT | 8-BiT | 8-BIT | 8BIT | 8BIT | 8BIT | 8BIT |_~23(14)

MATCH MATCH | MATCH | MATCH [ MATCH | MATCH | MATCH | MATCH

COUNTER COUNT-|COUNT-|COUNT-[COUNT-[COUNT-|COUNT-|COUNT-
ER ER ER ER ER ER ER

23(15)

ADDER

v <23(16)

8-BIT-UNIT
MATCH TOTAL

v
8-BIT-UNIT
MATCH-TOTAL
COUNT




U.S. Patent

Jul. 28,2015  Sheet 8 of 27 US 9,092,717 B2
IMAGE DATA 23(2)
64 BIT
« 16BIT . t6BIT Y, 16BIT .. 16BIT__,
A B c G
23(22) 23(21)
Y164 164 164 164
oLD
16 ¥
\ 4/ Yy Vv Y Y Y Y
23(23)
16 16 16 16
16-BIT 16-BIT 16-BIT
GG BIT | [maTcH MATCH MATCH [~ 23(24)
COUNT- COUNT- COUNT-
COUNTER| [COU u o
23(25)
A 4 A 4 A\ 4 A 4 y
ADDER
y 23028)
16-BIT-UNIT

MATCH TOTAL

A 4
16-BIT-UNIT
MATCH-TOTAL
COUNT



U.S. Patent Jul. 28, 2015 Sheet 9 of 27 US 9,092,717 B2

FIG.10

IMAGE DATA 23(3)
64 BIT
. 32 BIT Ve 32 BIT _
A B
23(32) 23(31)
= YWY 324
oLD
7P
Y Y Y V.
23(33)
32 32
32-8IT paBll [ ~23(34)
MATCH couNT-
COUNTER ER
23(35)
Y v y
ADDER
v <23(36)
36-BIT-UNIT
MATCH TOTAL
A 4
32-BIT-UNIT

MATCH-TOTAL
COUNT



U.S. Patent

Jul. 28, 2015

Sheet 10 of 27

FIG.11

MATCH TOTAL

US 9,092,717 B2

23(4)

164 {J
v <23(41) vy <23(42) vy 23(43)
B-BIT 7-BIT 6-BIT
QUANTIZATION QUANTIZATION QUANTIZATION
DEVICE DEVICE DEVICE
164 164 16 4
QUANTIZATION 4 4 v <23(44)
VALUE —»| MUX a
(0 TO 3)
16%
QUANTIZED

MATCH TOTAL
COUNT



U.S. Patent Jul. 28, 2015

Sheet 11 of 27

FIG.12

MATCH TOTAL
[15:8]

v
8-BIT-QUANTIZED

8 BIT "00000000"

A 4

8-BIT-QUANTIZED

MATCH TOTAL MATCH TOTAL

COUNT [15:8] COUNT [7:0]

MATCH TOTAL ] ;
15:7] 7 BIT "00000000

A4
7-BIT-QUANTIZED

A 4

7-BIT-QUANTIZED

MATCH TOTAL MATCH TOTAL

COUNT [15:7] COUNT [6:0]

MATCH TOTAL ; ;
15:5] 6 BIT "00000000

v
6-BIT-QUANTIZED
MATCH TOTAL
COUNT [15:8]

\ 4
6-BIT-QUANTIZED
MATCH TOTAL
COUNT [7:0]

US 9,092,717 B2



U.S. Patent Jul. 28, 2015 Sheet 12 of 27 US 9,092,717 B2

FIG.15

IMAGE DATA 28(1)

64 BIT

8Bt _88BIT, _8BIT, _8BIT Y 8BIT, _8BIT, _8BIT _8BIT

B s 2 SN s
LA e fclole]rlelmn]|
28(13) 84 84 8f 84 84 84 84 84 \

28(11)

4 \ 4 h 4 A y A Y

} ;
ICOUNTERH MUX |

24'h000000 ~
28(12)
32

CLIPPED
DATA

FIG.16

IMAGE DATA 28(2)
64 BIT
 16BIT . 6BIT Y, 16BIT . 16BT
| A B c G |
28(23) 164 164 164 164 \?8(21)
Y Y A 4 A 4

}
ICOUNTER’—*l MUX |

16'h0000 ~
28(22)
32

CLIPPED
DATA




U.S. Patent Jul. 28, 2015 Sheet 13 of 27 US 9,092,717 B2
IMAGE DATA 28(3)
64 BIT
< 32 BIT RS 32 BIT >

A A
28(33) 324 24 \28(31)

Yy y

COUNTER > MUX
28(32
2k (32)
A 4
CLIPPED

DATA



U.S. Patent Jul. 28, 2015 Sheet 14 of 27 US 9,092,717 B2

FIG.18

_L; 29(15) 29(13)
AN

COMPARISON
RESULT n

[~ 29(12)

)

COM
4

> White

DATA 15 OUT >

&

COMPARISON
RESULT n-1

[~ 29(11)

=
;
COMP %COMP’%

Y

DATA 14 OUT —&—

_} Y.
:

COMPARISON
RESULT 3

[~ 29(10)

DATA3 OUT

INDEX
VALUE

COMPARISON
RESULT 2

[~ 29(9)

Y

\
INDEX GENERATION DEVICE

COM

&

DATA2 OUT >

DICTIONARY-WRITE CONTROL DEVICE
y l Y
e
F=N
P’;

R
:
7

COMPARISON
RESULT 1

[~ 29(8)

v

COoM

DATA1 OUT »f

\

il
z,

COMPARISON
RESULT O

COMP
h 4

Y
2
=
-4
@

DATAO OUT >

A
Z
)

MATCH

29(7

CLIPPED @ \ FLAG
DATA |

29 (14)

y» ESC-
" DATA




US 9,092,717 B2

Sheet 15 of 27

Jul. 28, 2015

U.S. Patent

ﬂ NENLTY v

3

A
»
>

S.iig 2e=HLAIM V.LV{ 41N

Slid e=HLQIM V.LVd JLN
A

A

20182 POLSS

S119 9L =HLAIM V.LVQ 41N
90187

S119 8=HL1AIM V1Va 41N
cols?

4INNOD TVLOL HOLVIA 1i9-2¢€
SINNOO TVLOL HOLVIN 1ig-81

¢INNOD TWLOL HOLVIA 118-¢¢
S1INNOO V101 HOLVA Lig-8

S0LS

JINNOO V101 HOLVIA 11g-91
SINNOO W10l HO1VA 1ig-8

S3A
10LS

L1INA NOILOTT3S
HI1GIM-VLVQ-4 LN XYIN-HOLVvIN

619l4



U.S. Patent Jul. 28, 2015 Sheet 16 of 27

FIG.20

HUFFMAN CODING
PROCESS

IS IT HEAD OF LINE?

g5202

LINE-HEADER CODING
PROCESS

b
Y &

(ST NO

INCLUDED IN DICTIONARY
(HITFLG=1)?

YES

$5204

US 9,092,717 B2

582057

l ! INDEX CODING PROCESS | I | l ESC CODING PROCESS | I

b

YES (5207

l! END CODING PROCESS |I

b
»
A

y

END




U.S. Patent

Jul. 28, 2015 Sheet 17 of 27

FIG.21

INDEX CODING
PROCESS

¢S301

USE INDEX CODE TABLE
[DICTNUM] AS CODE DATA AND
SET CODE SIZE=INDEX CODE
SIZE TABLE [DICTNUM]

§S302

I CODE OUTPUT PROCESS l I

( RETURN )

US 9,092,717 B2



U.S. Patent Jul. 28, 2015 Sheet 18 of 27 US 9,092,717 B2

FIG.22

ESC CODING
PROCESS
v §S401

USE ESC HEADER "0" AS CODE
DATA AND SET CODE SiZE=
3 BITS

v 5402
CODE OUTPUT PROCESS | |

MTF-DATA
WIDTH VALUE=8 BITS?

5405

MTF-DATA
WIDTH VALUE=16 BITS?

NO

v ¢S404 YES

SET CODE DATA=ESCDATA
[31:24] AND CODE SIZE=8 BITS

v 58406
SET CODE DATA=ESCDATA I

[31:16] AND CODE SiZE=16 BITS

v 58407
SET CODE DATA AT l

ESCDATA [31:0] AND CODE
SIZE AT 32 BITS

ot

v ¢S408
CODE QUTPUT PROCESS I

\ 4

(  RETURN )




U.S. Patent Jul. 28, 2015 Sheet 19 of 27 US 9,092,717 B2

FIG.23

LINE-HEADER
CODING PROCESS

5501

MTF-DATA
WIDTH VALUE =8 BITS?

NO

MTF-DATA
WIDTH VALUE =16 BITS?

gS502

SET CODE DATA=7'b'1111000
AND CODE SIZE=7 BITS
4 ¢S504
SET CODE DATA=7'b'1111001
AND CODE SIZE=7 BITS
v §S505

SET CODE DATA=
7'b'1111010 AND CODE
SIZE=7 BITS

<& Y

) (S506
CODE OUTPUT PROCESS

( RETURN )




U.S. Patent Jul. 28, 2015 Sheet 20 of 27 US 9,092,717 B2

FIG.24

END CODING
PROCESS

¢S601

SET CODE DATA=51'11111 AND
CODE SIZE=5 BITS

¢S602

I CODE OUTPUT PROCESS l I

( RETURN )



U.S. Patent

Jul. 28, 2015 Sheet 21 of 27 US 9,092,717 B2

FIG.25A

CODE OQUTPUT
PROCESS

58701

CODE POINTER-CODE SIZE

CODE POINTER=

¢S702

CODE BUFFER=CODE BUFFER
|(CODE DATA<<CODE POINTER)

S703
CODE POINTER=327?

YES ¢S704

OUTPUT CODE BUFFER=
CODE BUFFER>>32

¢S705

OQUTPUT OUTPUT CODE BUFFER
§S706

CODE POINTER=
CODE POINTER+32

§S707

CODE BUFFER=
CODE BUFFER<<32

§S708

CODE COUNTER=CODE
COUNTER+1

Y

( RETURN )



U.S. Patent Jul. 28, 2015 Sheet 22 of 27 US 9,092,717 B2

FIG.25B
CODE LENGTH=11 BIT
84 BIT .
32 BIT , i’
£ ——— y
CODE UPDATED CODE CODE
POINTER=63 POINTER=52 POINTER
FIG.25C

CODE LENGTH=17 BIT

VPREVIOUS §7/ /77257
5. CODE
A h
CODE UPDATED CODE
POINTER=52 POINTER=35

FI1G.25D

CODE LENGTH=11 BIT

R S S
el MR
s CODE 75
SN PR
A A

CODE UPDATED CODE
POINTER=35 POINTER=24
FIG.25E

A

UPDATED CODE
POINTER=56



U.S. Patent Jul. 28, 2015 Sheet 23 of 27 US 9,092,717 B2

FIG.26
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DICTIONARY DATA INDEX
> | 0x5555_0000 0
0x0123_0000 1
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0x5555_0000 " OxFEDC_0000 8
0x0000_0000 9
0x1111_0000 10
0x2222_0000 11
v —— [ 0x3333_0000 12
[ ox@44a_o000 13
0x5555_0000 14
0x6666_0000 15
8-BIT PERIOD | 16-BIT PERIOD | 32-BIT PERIOD | MAX
MATCH COUNT | MATCH COUNT | MATCH COUNT | PERIOD
WITHOUT 8-BIT
QUANTIZATION 70 650 560 PERIOD
8-BIT 32-BIT
QUANTIZATION 512 512 512 PERIOD
7-BIT 16-BIT
QUANTIZATION 640 640 512 PERIOD
6-BIT 8-BIT
QUANTIZATION 704 640 512 PERIOD




US 9,092,717 B2

1
DATA PROCESSING DEVICE AND DATA
PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and incorporates
by reference the entire contents of Japanese Patent Applica-
tion No. 2012-252621 filed in Japan on Nov. 16, 2012.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a data processing device, a
data processing method, and a computer program product.

2. Description of the Related Art

An image processing device such as a printer device tem-
porarily stores image data in a memory. In this case, if the
image data is stored in the memory as it is, a large-capacity
memory is required, resulting in high cost. To address this, the
image data is conventionally compressed and stored in the
memory.

A print processing procedure in a conventional image pro-
cessing device is performed as follows, for example. That is,
an image formation device analyzes data in page descript
language (PDL) received from a network and generates data
in an intermediate language that is executable by a drawing
device, and then the drawing device analyzes the data in the
intermediate language to draw an image in a band memory. To
draw an image in the band memory, the image formation
device codes the image according to an image compression
algorithm, stores the code in the memory, then at the time of
printing, reads the coded data from the band memory with
delays corresponding to cyan (C), magenta (M), yellow (Y),
and black (K) plates, decodes the coded data according to the
compression algorithm, transfers the decoded data corre-
sponding to the C, M, Y, and K plates to a printer engine to
print.

As a method for efficiently compressing data, Japanese
Patent No. 4000266 describes a data coding method in which
small dynamic dictionary is controlled according to a Move-
To-Front (MTF) method, thereby executing an MTF control
with a small dictionary and subjecting index values according
to match with the dictionary, to run-length encoding.

With this method, however, a small number of words are
registered in the dictionaries. Thus, for example, when the
data width of a dictionary used for coding is 1 byte (=8 bits)
and the depth of the dictionary is 64=2° pieces, only conver-
sion of 8 bytes into 6 bytes is achieved even if target data
matches the dictionary. Accordingly, the number of words in
the dictionary needs to be increased. However, in this case,
the match becomes hard to occur using the dictionary.

Therefore, in the data coding method described in Japanese
Patent No. 4000266, for example, image data thatis subjected
to a halftone process such as dithering at 1 bit/pixel is used as
input data and period detection is performed in units of one
line using the fact that image data having been subjected to the
dithering originally has periodicity, to determine the number
ofwords in the dictionary. However, because a white image in
which nothing is written (which occupies a large area in a
printer image) basically has no periodicity, no period can be
determined.

In the data coding method described in Japanese Patent No.
4000266, matches with words in the dictionary are counted
with each of plural periods and a period with which the count
value is the largest is used. However, in the case of a white
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image in which nothing is written, the image has no period-
icity and thus a match counter for the shortest period is likely
to have the largest value.

In a printer image, because different dithering patterns
(dithering patterns having different sizes) are used for differ-
ent attributes (such as the character, the photograph, and the
graphic), it is difficult to determine a period in a line in which
the character, the photograph, and the like exist together (FI1G.
28 is an example in which a photographic image, a character
image, and a graphic image exist together in one line) and thus
the count value of a match counter for the shortest period is
likely to be largest as in the case of a white image in which
nothing is written. In this case, the period having the smallest
value is selected and the speed of the compression device is
decreased because the compression is performed using the
dictionary in units of the period.

In view of the above, there is a need to code data with as
long aperiod as possible among periods with which input data
and dictionary data matches the most, thereby further increas-
ing the coding rate.

SUMMARY OF THE INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

A data processing device that codes data, includes: a data
reading unit that reads a predetermined amount of data stored
in a data storage unit; a data-period selection unit that selects
adata period for the data in units of the predetermined amount
of data with respect to the read data; a data clipping unit that
clips data from the read data with the data period selected by
the data-period selection unit; an intermediate-data conver-
sion unit that converts the clipped data into intermediate data;
and a coding processing unit that codes the intermediate data
converted by the intermediate-data conversion unit. The data-
period selection unit has a match count unit that obtains count
values of matches in data between pieces of divided data that
are obtained by dividing the read data in units of respective
predetermined periods, and selects one of the periods of
divided data that provides largest one of the count values of
matches obtained by the match count unit or selects, when
some of the count values are the same, largest one of the
periods that provide the same count value.

A data processing method performed in a data processing
device that codes data, includes: a data reading step of reading
a predetermined amount of data stored in a data storage unit;
a data-period selection step of selecting a data period for the
data in units of the predetermined amount of the data with
respect to the read data; a data clipping step of clipping data
from the read data with the data period selected at the data-
period selection step; an intermediate-data conversion step of
converting the clipped data into intermediate data; and a
coding processing step of coding the intermediate data con-
verted at the intermediate-data conversion step. The data-
period selection step includes a match count step of obtaining
count values of matches in data between respective pieces of
divided data that are obtained by dividing the read data in
units of respective predetermined periods and includes select-
ing one of the periods of divided data that provides largest one
of the count values of matches obtained at the match count
step or selecting, when some of the count values are same,
selecting largest one of the periods that provide the same
count value.

A computer program product comprises a non-transitory
computer-usable medium having computer-readable pro-
gram codes embodied in the medium. The program codes
when executed causes a computer to execute a data process-
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ing method performed in a data processing device that codes
data. The data processing method includes: a data reading
step of reading a predetermined amount of data stored in a
data storage unit; a data-period selection step of selecting a
data period for the data in units of the predetermined amount
of'the data with respect to the read data; a data clipping step of
clipping data from the read data with the data period selected
at the data-period selection step; an intermediate-data con-
version step of converting the clipped data into intermediate
data; and a coding processing step of coding the intermediate
data converted at the intermediate-data conversion step. The
data-period selection step includes a match count step of
obtaining count values of matches in data between respective
pieces of divided data that are obtained by dividing the read
data in units of respective predetermined periods and includes
selecting one of the periods of divided data that provides
largest one of the count values of matches obtained at the
match count step or selecting, when some of the count values
are same, selecting largest one of the periods that provide the
same count value.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an electric control device of a
printer of an image-data processing device that is an embodi-
ment of a data processing device according to the present
invention;

FIG. 2 is a functional block diagram for a coding process
preformed by a coding device in FIG. 1;

FIG. 3 depicts a format of obtained codes;

FIG. 4 depicts a dictionary searching process in an MTF
coding process at the time of coding performed when the
MTF data width is 16 bits;

FIG. 5 depicts a dictionary updating process in an MTF
coding process at the time of coding performed when the
MTF data width is 16 bits;

FIG. 6 is a block diagram of an M TF-data-width selection
unit in FIG. 2;

FIG. 7 is a block diagram of an MTF-data-width clipping
unit in FIG. 2;

FIG. 8 is a block diagram of an 8-bit-unit match-total
computation unit;

FIG. 9 is a block diagram of a 16-bit-unit match-total
computation unit;

FIG. 10 is a block diagram of a 32-bit-unit match-total
computation unit;

FIG. 11 is a block diagram of quantization devices in FIG.
6,

FIG. 12 depicts a processing state of quantization per-
formed by an 8-bit quantization device;

FIG. 13 depicts a processing state of quantization per-
formed by a 7-bit quantization device;

FIG. 14 depicts a processing state of quantization per-
formed by a 6-bit quantization device;

FIG. 15 is a block diagram of an 8-bit-unit clipping pro-
cessing unit in FIG. 7;

FIG. 16 is a block diagram of a 16-bit-unit clipping pro-
cessing unit in FIG. 7;

FIG. 17 is a block diagram of a 32-bit-unit clipping pro-
cessing unit in FIG. 7;

FIG. 18 is a block diagram of an MTF processing unit;
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FIG. 19 is a flowchart of a process procedure performed by
a match-Max MTF-data-width selection unit in FIG. 6;

FIG. 20 is a flowchart of a Huffman-coding processing
procedure performed in a Huffman-coding processing unit;

FIG. 21 is a flowchart of a procedure of an index coding
process at Step S204 in FIG. 20;

FIG. 22 is a flowchart of a procedure of an ESC coding
process at Step S205 in FIG. 20;

FIG. 23 is a flowchart of a procedure of a line-header
coding process at Step S202 in FIG. 20;

FIG. 24 is a flowchart of a procedure of an end coding
process at Step S207 in FIG. 20;

FIG. 25A is a flowchart of a procedure of a code output
process of outputting variable length codes as 32-bit codes;

FIGS. 25B to 25E depict a code margin process at Step
S702 in a code output process in FIG. 25A;

FIG. 26 depicts image data to be coded;

FIG. 27 is an example of obtained codes;

FIG. 28 is an example in which a photographic image, a
character image, and a graphic image exist together in one
line;

FIG. 29 is a functional block diagram for a coding process
performed by the coding device in FIG. 1 based on an FIFO
algorithm;

FIG. 30 is a block diagram of an FIFO processing unit;

FIG. 31 depicts a dictionary updating process in a FIFO
coding process at the time of coding when the MTF data
width is 16 bits; and

FIG. 32 is an example of the difference in the MAX period
caused by changing the quantization value.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a block diagram of an electric control device 9 of
a printer of an image-data processing device that is an
embodiment of a data processing device according to the
present invention.

A central processing unit (CPU) 1 analyzes data in PDL
obtained from a personal computer (PC) 11 and performs a
process of drawing multivalued (CMYK) image data into a
main memory 10. A CPU interface (I/F) 2 is connected to a
main memory arbiter (or a main memory ARB) 3 and per-
forms I/F processing between the CPU 1 and a main memory
controller 4.

The main memory arbiter 3 controls access of the CPU 1,
acommunication processing device 8, the main memory con-
troller 4, a coding device 5, a decoding device 6, and the like
to the main memory 10.

The main memory controller 4 controls the main memory
10.

The coding device 5 reads multivalued (CMYK) band data
from the main memory 10, generates a code, and transfers the
generated code to a CMYK-page-code storage area 104.

The decoding device 6 reads a coded CMYK page code in
the main memory 10, decodes the code, and transfers the
decoded data to an engine controller 7.

The engine controller 7 controls a printer engine 12. The
communication processing device (or a communication con-
troller) 8is connected to the network to receive various data or
commands from the network and is connected to various
controllers via the main memory arbiter 3.

The main memory 10 includes a program area 101, a PDL-
storage memory area 102, a CMYK-band-memory storage
area 103, the CMYK-page-code storage area 104, and other
areas 105, and stores therein image data, code data thereof,
programs of the CPU, and the like.
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The PC 11 creates data in a page descript language (PDL)
and transfers the created data to a printer via the network.

FIG. 2 is a functional block diagram for a coding process
preformed by the coding device 5 in FIG. 1.

As mentioned above, the main memory 10 stores therein
data, image data in this case. A data reading unit, an image
readingunit 22 in this case reads the image data from the main
memory 10 in units of predetermined amounts, in units of one
line in this case, and transfers the image data to a data-period
selection unit, an MTF-data-width selection unit 23 in this
case. The MTF-data-width selection unit (FIG. 6 is a block
diagram of the MTF-data-width selection unit 23) receives
the image data from the image reading unit 22 and transfers
the image data to a line-memory control unit 24 while deter-
mining the number of matches with respect to each of a
plurality of MTF data widths.

The line-memory control unit 24 receives the image data
from the MTF-data-width selection unit 23 and writes the
image data in line memories 25 and 26 included in a line-
memory storage unit while alternately switching the line
memories 25 and 26 in units of one line. The line memories 25
and 26 receive the image data in units of one line from the
line-memory controlunit 24 and store the received image data
therein.

An MTF-data width-value register 27 that stores therein an
MTF-data width value determined by the MTF-data-width
selection unit 23. A data clipping unit, an MTF-data-width
clipping unit 28 in this case (FIG. 7 is a block diagram of the
MTF-data-width clipping unit 28) receives the image data
from the line-memory control unit 24. The MTF-data-width
clipping unit 28 clips the received image data with a width of
the MTF-data width value stored in the MTF-data width-
value register 27 and transfers the clipped data to an interme-
diate-data conversion unit, an MTF processing unit 29 in this
case.

The MTF processing unit 29 receives the image data
clipped by the MTF-data-width clipping unit 28 and gener-
ates a match FLAG, an index value, and Escape data (ESC-
DATA) (these are collectively referred to as “intermediate
data” in this case) for identification in a code table shown in
FIG. 3 according to an MTF algorithm and in order to gener-
ate a Huffman code in a Huffman-coding processing unit 30
at the next stage. That is, specifically, the MTF processing
unit 29 compares the image data clipped by the MTF-data-
width clipping unit 28 with the built-in dictionary and deter-
mines whether the match occurs. The MTF processing unit 29
transfers the index value of the match when a match occurs,
while transfers the clipped data as an ESCDATA value when
no match occurs, to a coding processing unit, the Huffman-
coding processing unit 30 in this case as the intermediate data
(FIG. 18 is a block diagram of the MTF processing unit 29).

The Huffman-coding processing unit 30 codes the match
FLAG (=1), the index value, and the ESCDATA value
received from the MTF processing unit 29 according to a
format shown in FIG. 3 and transfers the coded data to a code
writing unit 31. FIG. 20 is a flowchart of a Huffman-coding
processing procedure performed in the Huffman-coding pro-
cessing unit 30.

The code writing unit 31 writes the code generated by the
Huffman-coding processing unit 30 in a data storage unit, a
memory 32 in this case, that stores therein code data (FIG. 26
depicts image data to be coded).

The image data in units of one line is coded in this way
(FIG. 27 is an example of obtained codes). The image data is
coded in units of one line and the coded image data includes
a line header code at the head of each line and a code end at the
end of the codes as shown in FIG. 27.
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Each of the image reading unit 22, the MTF-data-width
selection unit 23, the line-memory control unit 24, the MTF-
data-width clipping unit 28, the MTF processing unit 29, the
Huffman-coding processing unit 30, and the code writing unit
31 mentioned above is a function realizing unit that can be
obtained by causing a computer to read program.

FIG. 3 depicts a format of obtained codes (a code format),
including a code name, a code table, and a code size table.

The codes shown in FIG. 3 are variable-length Huffman
codes and shorter codes are assigned in descending order of
appearance frequencies in a Huftman tree.

In this case, a code-name line header is located at the head
of a code of each line shown in FIG. 27 and indicates the
beginning ofthe code of'each line and a value of the MTF data
width (8 bits, 16 bits, or 32 bits) of the code of the line. The
code end indicates the end of the codes as shown in FIG. 27.

A code name ESC is for the clipped data that is not included
in the dictionary at the time of MTF coding and is composed
ofan ESCheader and raw data. The data width of the raw data
depends on the MTF-data width value (8 bits, 16 bits, or 32
bits).

An index (INDEX) indicates a matching address (such as
INDEXO00) in the dictionary, which is input at the time of
MTF coding, when the input data is in the dictionary.

FIG. 4 depicts a dictionary searching process in an MTF
coding process at the time of coding performed when the
MTF data width is 16 bits.

That is, the MTF-data-width clipping unit 28 shown in
FIG. 2 successively clips data from data of one word (64 bits)
in units of 16 bits in this case (which is the MTF-data width
value). Because the MTF processing unit 29 shown in FIG. 2
is configured for 32 bits, which is the maximum value of the
MTF data width, “0”’s are added to 16 bits to cause the clipped
data to be 32 bits.

In an example shown in FIG. 4, 16 bits of 0x0000 are added
to 16 bits of input data 0x5555 to obtain 32 bits (0x5555__
0000) to search the dictionary (0x0000 is added also to other
data in the same way). In this case, the input data 0x5555__
0000 matches dictionary data having an index value of 13 as
shown in FIG. 4 and thus the MTF processing unit 29 outputs
the match FLLAG (=1) and the index value (=13). When the
input data does not match the dictionary data, the MTF pro-
cessing unit 29 outputs ESCDATA as already mentioned. In
this way, the intermediate data reflects a match/mismatch of
the input data with the dictionary data.

FIG. 5 depicts a dictionary updating process in an MTF
coding process at the time of coding performed when the
MTF data width is 16 bits.

Because the input data 0x5555_ 0000 matches the data
having the index value of 13 in FIG. 4, the dictionary data
0x5555__ 0000 having the index value of 13 is deleted and the
input data 0x5555_0000 is inserted into the dictionary at an
index value of 0 at the head as shown in FIG. 5 in the dictio-
nary updating process. At the same time, dictionary data is
shifted toward the position of the index value of the match
(=13), as shown by an arrow Y in FIG. 5.

FIG. 6 is a block diagram of the MTF-data-width selection
unit 23 in FIG. 2.

An 8-bit-unit match-total computation unit 23(1) divides
data of one word (64 bits) with a predetermined period, in
units of 8 bits in this case and determines the total count
(number) of matches between adjacent pieces of divided data.

A 16-bit-unit match-total computation unit 23(2) divides
data of one word (64 bits) with a predetermined period, in
units of 16 bits in this case and determines the total count
(number) of matches between adjacent pieces of divided data.
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A 32-bit-unit match-total computation unit 23(3) divides
data of one word (64 bits) with a predetermined period, in
units of 32 bits in this case and determines the total count
(number) of matches in data between adjacent pieces of
divided data.

FIG. 8 is a block diagram of the 8-bit-unit match-total
computation unit 23(1), FIG. 9 is a block diagram of the
16-bit-unit match-total computation unit 23(2), and FIG. 10 is
a block diagram of the 32-bit-unit match-total computation
unit 23(3).

A quantization device 23(4), which is a quantization unit,
quantizes the number of matches between adjacent pieces of
data in units of 8 bits determined by the 8-bit-unit match-total
computation unit 23(1) with a quantization value (quantiza-
tion in this case means masking lower bits of the value of the
match count. The same applies in the following descriptions).
Similarly, a quantization device 23(5) quantizes the number
of' matches in data between adjacent pieces of data in units of
16 bits determined by the 16-bit-unit match-total computa-
tion unit 23(2) with a quantization value. A quantization
device 23(6) quantizes the number of matches in data
between adjacent pieces of data in units of 32 bits determined
by the 32-bit-unit match-total computation unit 23(3) with a
quantization value. FIG. 11 is a block diagram of the quanti-
zation devices 23(4), 23(5), and 23(6) mentioned above.

A match-Max MTF-data-width selection unit 23(7) selects
an MTF data width with which, among the total counts of
matches in data between adjacent pieces of data in units of
respective bits determined by the quantization devices 23(4),
23(5), and 23(6), the maximum (Max) total count of matches
is obtained.

A register 23(8) temporarily stores therein the read image
data and transfers the image data to the line-memory control
unit 24 in FIG. 2.

FIG. 7 is a block diagram of the MTF-data-width clipping
unit 28 in FIG. 2.

An 8-bit-unit clipping processing unit 28(1) divides data of
one word (64 bits) in units of 8 bits and clips the divided data.
FIG. 15 is a block diagram of the 8-bit-unit clipping process-
ing unit 28(1).

A 16-bit-unit clipping processing unit 28(2) divides data of
one word (64 bits) inunits of 16 bits and clips the divided data.
FIG. 16 is a block diagram of the 16-bit-unit clipping pro-
cessing unit 28(2).

A 32-bit-unit clipping processing unit 28(3) divides data of
one word (64 bits) inunits of 32 bits and clips the divided data.
FIG. 17 is a block diagram of the 32-bit-unit clipping pro-
cessing unit 28(3).

A multiplexer (MUX) 28(4) selects data clipped by the
respective-bit-unit clipping processing units 28(1) to 28(3)
according to the designated MTF-data width value.

FIG. 8 is a block diagram of the 8-bit-unit match-total
computation unit 23(1).

A register 23(11) stores therein received 64-bit image data
in units of 8, bits.

A register 23(12) stores therein 8-bit data at a word end of
the previous image data.

Each of EXNOR (match detection) logics 23(13) deter-
mines a match between corresponding adjacent pieces of
8-bit data.

Each of 8-bit match counters 23(14), which are match
count units, receives data for which a match in units of 8 bits
has been detected, to determine the number of matches (the
number of matches between adjacent pieces of 8-bit data in
units of 8 bits in this case; the same applies in the following
descriptions).
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An adder 23(15) performs addition for the number of
matches determined by the respective 8-bit match counters
23(14) to calculate the sum of matches in a line unit.

A register 23(16) stores therein the sum calculated by the
adder 23(15) corresponding to one line.

FIG. 9 is a block diagram of the 16-bit-unit match-total
computation unit 23(2).

A register 23(21) stores therein received image data in
units of 16 bits.

A register 23(22) stores therein 16-bit data at a word end of
the previous image data.

Each of EXNOR (match detection) logics 23(23) deter-
mines a match between corresponding adjacent pieces of
16-bit data.

Each of 16-bit match counters 23(24) receives data for
which a match in units of 16 bits has been detected, to deter-
mine the number of matches.

An adder 23(25) performs addition for the number of
matches determined by the respective 16-bit match counters
23(24) to calculate the sum of matches in a line unit.

A register 23(26) stores therein the sum calculated by the
adder 23(25) corresponding to one line.

FIG. 10 is a block diagram of the 32-bit-unit match-total
computation unit 23(3).

A register 23(31) stores therein received image data in
units of 32 bits.

A register 23(32) stores therein 32-bit data at a word end of
the previous image data.

Each of EXNOR (match detection) logics 23(33) deter-
mines a match between corresponding adjacent pieces of
32-bit data.

Each of 32-bit match counters 23(34) receives data for
which a match in units of 32 bits has been detected, to deter-
mine the number of matches.

An adder 23(35) performs addition for the number of
matches determined by the respective 32-bit match counters
23(34) to calculate the sum of matches in a line unit.

A register 23(36) stores therein the sum calculated by the
adder 23(35) corresponding to one line.

FIG. 15 is a block diagram of the 8-bit-unit clipping pro-
cessing unit 28(1) in FIG. 7.

A register 28(11) stores therein received image data in
units of 8 bits.

A MUX 28(12) successively selects data in units of 8 bits
stored in the register 28(11). At the time of output, the MUX
28(12) adds 24 bits of “0” value to the selected data to output
32-bit data.

A counter 28(13) successively creates a value to be selected
by the MUX 28(12).

FIG. 16 is a block diagram of the 16-bit-unit clipping
processing unit 28(2) in FIG. 7.

A register 28(21) stores therein received image data in
units of 16 bits.

A MUX 28(22) successively selects data in units of 16 bits
stored in the register 28(21). At the time of output, the MUX
28(22) adds 16 bits of “0” value to the selected data to output
32-bit data.

A counter 28(23) successively creates a value to be selected
by the MUX 28(22).

FIG. 17 is a block diagram of the 32-bit-unit clipping
processing unit 28(3) in FIG. 7.

A register 28(31) stores therein received image data in
units of 32 bits.

A MUX 28(32) successively selects data in units of 32 bits
stored in the register 28(31).

A counter 28(33) successively creates a value to be selected
by the MUX 28(32).
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FIG. 18 is a block diagram of the MTF processing unit 29
in FIG. 2.

Data 0 to 15 in FIG. 18 is contents of dictionary stored in
registers and numbers 1 to 6 attached to the data 0 to 15
correspond to index values, respectively. An input and an
output of adjacent ones of the registers are connected to
achieve shifting at the time of update as shown in FIG. 5.
Comparators 29(7) to 29(12) compare clipped data with the
contents of the dictionary having the index values 1 to 6 and
transfer the comparison results to an index generation device
29(13).

The index generation device 29(13) receive the compari-
son results of the comparators 29(7) to 29(12) and selects the
smallest one of the numbers (the index values) that match the
data and output the selected one as the index value.

An OR circuit 29(14) receives the comparison results of the
comparators 29(7) to 29(12) and generates the match FLAG
=D.

A dictionary-write control device 29(15) receives the index
value and controls write of the data 0 through data of the
received index value among the data 0 to 15.

FIG. 11 is ablock diagram of the quantization device 23(4)
in FIG. 6.

An 8-bit quantization device 23(41) masks lower 8 bits
among 16 bits of the match total count, that is, sets the lower
8 bits to “0”.

A 7-bit quantization device 23(42) quantizes lower 7 bits
among the 16-bit match total count to “0”.

A 6-bit quantization device 23(43) quantizes lower 6 bits
among the 16-bit match total count to “0”.

A MUX 23(44) receives a quantization value and selects
one of the quantized match total counts of the quantization
devices 23(41), 23(42), and 23(43) and the match total non-
quantized. For example, when the quantization value is O, the
MUX 23(44) selects the value of the 8-bit quantization device
23(41). When the quantization value is 1, the MUX 23(44)
selects the value of the 7-bit quantization device 23(42).
When the quantization value is 2, the MUX 23(44) selects the
value of the 6-bit quantization device 23(43). When the quan-
tization value is 3, the MUX 23(44) selects the non-quantized
match total.

FIG. 12 depicts a processing state of quantization per-
formed by the 8-bit quantization device 23(41). As shown in
FIG. 12, lower 8 bits of the 16-bit match total count are
quantized to “0”.

FIG. 13 depicts a processing state of quantization per-
formed by the 7-bit quantization device 23(42). As shown in
FIG. 13, lower 7 bits of the 16-bit match total count are
quantized to “0”.

FIG. 14 depicts a processing state of quantization per-
formed by the 6-bit quantization device 23(43). As shown in
FIG. 14, lower 6 bits of the 16-bit match total count are
quantized to “0”.

FIG. 19 is a flowchart of a process procedure performed by
the match-Max MTF-data-width selection unit 23(7) in FIG.
6.

The match-Max MTF-data-width selection unit 23(7)
compares the 8-bit match total count and the 16-bit match
total count with each other (S101). When these counts are
equal or the 16-bit match total count is larger (YES at S101),
the process proceeds to Step S105. When the 8-bit match total
count is larger than the 16-bit match total count (NO at S101),
the process proceeds to Step S102.

At Step S102, the 8-bit match total count and the 32-bit
match total count are compared with each other (S102). When
these counts are equal or the 32-bit match total count is larger
than the 8-bit match total count (YES at S102), the MTF data
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width is setat 32 bits (S104). When the 8-bit match total count
is larger than the 32-bit match total count (NO at S102), the
MTF data width is set at 8 bits (S103).

At Step S105, the 16-bit match total count and the 32-bit
match total count are compared with each other (S105). When
these counts are equal or the 32-bit match total count is larger
than the 16-bit match total count (YES at S105), the MTF data
width is set at 32 bits (S107). When the 16-bit match total
count is larger than the 32-bit match total count (NO at S105),
the MTF data width is set at 16 bits (S106). In this way, when
the match total counts are equal, a larger period is selected
with priority.

FIG. 20 is a flowchart of a procedure of the Huffman
coding process performed by the Huffman-coding processing
unit 30 in FIG. 2.

That is, whether the data is at the head of a line is deter-
mined at Step S201 and, when it is the line head (YES at
S201), the line-header coding process is performed (S202) to
output the line header shown in FIG. 3 as a code.

Whether the data input in the MTF process of the MTF
processing unit 29 in FIG. 2 matches the dictionary is then
determined (S203). When a match occurs (YES at S203;
HITFLG=1), an index coding process is performed (S204).
‘When no match occurs (NO at S203), an ESC coding process
is performed (S205). Whether the data is at the end of the line
is then determined (S206) and, when it is the line end (YES at
S206), an end coding process is performed to output the code
end shown in FIG. 3 as a code (S207).

FIG. 21 is a flowchart of a procedure of the index coding
process at Step S204 in FIG. 20.

That is, the code and size corresponding to the index value
of the code format shown in FIG. 3 are first determined.
Specifically, an index code table (DICTNUM) is used as code
data and the code size is set to an index size table (DICT-
NUM) (S301), and then a code output process is performed
(S302).

FIG. 22 is a flowchart of a procedure of the ESC coding
process at Step S205 in FIG. 20.

The code and size corresponding to the ESC header of the
code format shown in FIG. 3 are first determined. For
example, the ESC header “0” is used as code data and the code
size is set at 3 bits (S401) and then the coding output process
is performed (S402). When the value of the MTF data width
is 8 bits (YES at S403), the code data is set at ESCDATA
[31:24] and the code size is set at 8 bits (S404). That is, first
8 bits as the ESCDATA are coded.

When the value of the MTF data width is 16 bits (NO at
S403, YES at S405), the code data is set at ESCDATA [31:16]
and the code size is set at 16 bits. That is, first 16 bits as the
ESCDATA are coded.

When the value of the MTF data width is 32, bits (NO at
S403, NO at S405), the code data is set at ESCDATA [31:0]
and the code size is set at 32 bits. That is, first 32 bits as the
ESCDATA are coded. The code output process is performed
last (S408) to end the ESC coding process.

FIG. 23 is a flowchart of a procedure of the line-header
coding process at Step S202 in FIG. 20.

Whether the MTF-data width value is 8 bits is first deter-
mined (S501). When the MTF-data width value is 8 bits (YES
at S501), the code data is set at 7'b'1111000 and the code size
is set at 7 bits (S502) and then the code output process is
performed (S506). When the MTF-data width value is 16 bits
(NO atS501, YES at S503), the code data is setat 7'b'1111001
and the code size is set at 7 bits (S504) and then the code
output process is performed (S506). When the MTF-data
width value is 32 bits (NO at S501, NO at S503), the code data
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is set at 7'b'1111010 and the code size is set at 7 bits (S505)
and then the code output process is performed (S506).

FIG. 24 is a flowchart of a procedure of the end coding
process at Step S207 in FIG. 20.

As shown in FIG. 24, the code and size corresponding to
the code end of the code format shown in FIG. 3 are deter-
mined according to the MTF-data width value (the code
data=5'b'11111 and the code size=5 bits in this case) (S601)
and then the code output process is performed (S602).

A procedure of packing variable-length codes into a 32-bit
codes and outputting a resultant code is explained next.

FIG. 25A is a flowchart of a procedure of the code output
process of outputting variable length codes as 32-bit codes.
FIGS. 25B to 25E depict a code margin process at Step S702
within a word (64 bits) width in the code output process
shown in FIG. 25A.

In FIG. 25B, a pointer pointing the position of'a 64-bit code
is first obtained to determine the left edge of the code shown
in FIG. 25B. For example, the code pointer first points the left
edge 63 and then 11 bits, which is the code length (the code
size), are subtracted from the code pointer and set the code
pointer is changed to 52 (S701). A code to be added is then
shifted by the updated value of the pointer and is added to the
previous code as shown in FIG. 25C. That is, because there is
the previous code, the code pointer points 52 and then the
code length, which is 17 bits, is subtracted therefrom and the
code pointer is changed to 35 after the update (S702) as
shown in FIG. 25C.

Processes shown in FIGS. 25D and 25E are then per-
formed. That is, in FIG. 25D, the updated code pointer is
changed to 24 due to an added code (35 bits) and thus the code
pointer is equal to or lower than 32 bits (YES at S703).
Accordingly, processes at S704 and subsequent steps are then
performed. That is, upper 32 bits are clipped (S704) and
output as a code (S705), 32 is added to the code pointer as
shown in FIG. 25E (S706) and shift by 32 bits is performed as
shown in FIG. 25E (8707), and increment by one is per-
formed for a code in units of 32 bits (S708). In this way, when
the code word width (32 bits) is filled with variable-length
codes according to the code size and the code, the variable-
length codes are packed into a fixed length of 32 bits, then
coded, and output.

While the dictionary is based on the MTF algorithm, that is,
the dictionary according to the MTF method is used in the
embodiment mentioned above, a dictionary according to a
First In First OUT (FIFO) method based on a simple FIFO
algorithm can be used. This configuration is explained next.

FIG. 29 is a functional block diagram for the coding pro-
cess performed by the coding device 5 in FIG. 1 based on the
FIFO algorithm. In FIG. 29, the MTF processing unit 29 in
the functional block diagram of FIG. 2 is replaced with an
FIFO processing unit 29A and like components are denoted
by like reference numerals.

That is, the main memory 10 stores therein data, image data
in this case. A data reading unit, the image reading unit 22 in
this case reads the image data from the main memory 10 in
units of a predetermined amount, in units of one line in this
case and transfers the read image data to a data-period selec-
tion unit, the MTF-data-width selection unit 23 in this case.
The MTF-data-width selection unit 23 (which is already
shown in FIG. 6) receives the image data from the image
reading unit 22 and transfers the image data to the line-
memory control unit 24 while determining the numbers of
matches with respect to respective plural MTF data widths.

The line-memory control unit 24 receives the image data
from the MTF-data-width selection unit 23 and writes the
image data in the line memories 25 and 26 included in a
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line-memory storage unit while alternately switching the line
memories 25 and 26 for each line. The line memories 25 and
26 receive the image data in units of one line from the line-
memory control unit 24 and store the received image data
therein.

The MTF-data width-value register 27 that stores therein
an MTF-data width value stores therein an MTF data width
determined by the MTF-data-width selection unit 23. A data
clipping unit, the MTF-data-width clipping unit 28 in this
case (which is already shown in FIG. 7) receives the image
data from the line-memory control unit 24. The MTF-data-
width clipping unit 28 clips the received image data with a
width of the MTF-data width value stored in the MTF-data
width-value register 27 and transfers the clipped image data
to an intermediate-data conversion unit, to the FIFO process-
ing unit 29A in this case.

The FIFO processing unit 29A receives the image data
clipped by the MTF-data-width clipping unit 28 and gener-
ates a match FLAG (=1), an index value, and ESCDATA, that
is, intermediate data for identification in the code table shown
in FIG. 3 according to the FIFO algorithm to generate coded
data (a Huffman code) in the Huffman-coding processing unit
30 at the next stage.

Specifically, the FIFO processing unit 29A compares the
image data clipped by the MTF-data-width clipping unit 28
with the built-in dictionary and determines whether a match
occurs. When a match occurs, the FIFO processing unit 29A
transfers the index value of the match to a coding processing
unit, the Huffman-coding processing unit 30 in this case.
When no match occurs, the FIFO processing unit 29A trans-
fers the clipped data as the ESCDATA value.

The Huffman-coding processing unit 30 codes the match
FLAG (=1), the index value, and the ESCDATA value
received from the FIFO processing unit 29A according to the
format shown in FIG. 3, and transfers the coded data to the
code writing unit 31. A Huffman coding process procedure
performed in the Huffman-coding processing unit 30 is as
already shown in FIG. 20.

The code writing unit 31 performs a process of writing a
code generated by the Huffman-coding processing unit 30
into a data storage unit that stores therein code data, the
memory 32 in this case (image data to be coded is as shown in
FIG. 26).

In this way, the image data in units of one line are coded as
shown in FIG. 27. The image data is coded in units of one line
and the coded image data includes a line header code at the
head of each line and a code end at the end of the code as
shown in FIG. 27.

Each of the image reading unit 22, the MTF-data-width
selection unit 23, the line-memory control unit 24, the MTF-
data-width clipping unit 28, the FIFO processing unit 29A,
the Huffman-coding processing unit 30, and the code writing
unit 31 explained above is also a function realizing unit that
can be obtained by causing a computer to read programs.

FIG. 301is a block diagram of the FIFO processing unit 29A
in FIG. 29.

Data 0 to 15 in FIG. 30 is contents of dictionary stored in
registers and numbers 1 to 6 attached to the data 0 to 15
correspond to index values, respectively. An input and an
output of adjacent ones of the registers are connected to
achieve shifting at the time of update as shown in FIG. 31
explained later. Comparators 29(7) to 29(12) compare
clipped data with the contents of the dictionary having the
index values 1 to 6, respectively, and transfer comparison
results to the index generation device 29(13).

The index generation device 29(13) receives the compari-
son results from the comparators 29(7) to 29(12), selects the
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smallest one of numbers (index values) for which a match
occurs, and outputs the selected number as the index value.

The OR circuit 29(14) receives the comparison results
from the comparators 29(7) to 29(12) and generates the match
FLAG (=1).

FIG. 31 depicts a dictionary updating process in a FIFO
coding process at the time of coding when the MTF data
width is 16 bits.

The process performed when the dictionary is searched for
input data is as shown in FIG. 4. When compared with dic-
tionary data, input data 0x5555_ 0000 matches dictionary
data having the index value of 13. In the dictionary updating
process performed in this case, the input data 0x5555_ 0000
is inserted into the dictionary at the head having the index
value of 0. Atthe same time, other dictionary data is all shifted
as shown by an arrow Y in FIG. 31. In this case, however,
unlike the MTF algorithm, the dictionary data 0x5555_ 0000
having the index value of 13 is kept from being deleted (FIG.
31 depicts data after shifting and data having the index value
of 15 before shifting shown in FIG. 4 is discarded).

FIG. 32 is an example of the difference in the MAX period
(that means a period with which the number of matches
between input data and dictionary words is the largest) caused
by changing the quantization value.

FIG. 32 is a table of the numbers of matches between input
data and words in the dictionary in the case of an 8-bit period,
a 16-bit period, and a 32-bit period when the quantization is
not performed and when the quantization is performed (that
is, when lower 8 bits, 7 bits, or 6 bits are masked with “07).

As shown in FIG. 32, when lower 8 bits, 7 bits, or 6 bits of
the non-quantized numbers of matches in the respective peri-
ods are masked with “0”, the numbers in all the periods have
the same value in the case (i) of quantization of lower 8 bits.
Accordingly, the MAX period in this case is the 32-bit period,
which indicates that it is preferable to compress data at 32
bits/clock. That is, the data can be compressed at 32 bits/clock
while the compression ratio is somewhat reduced. In the case
(i) of quantization of lower 7 bits, the numbers in the 8-bit
period and the 16-bit period have the same value. Accord-
ingly, the MAX period is the 16-bit period, which indicates
that it is preferable to compress data at 16 bits/clock. How-
ever, the compression ratio is subtly reduced. In the case (iii)
of quantization of lower 6 bits, the numbers of matches in the
8-bit period, the 16-bit period, and the 32-bit period are 704,
640, and 512, respectively, and thus the tendency is the same
as that in the case of no quantization, which means that the
Max period is the 8-bit period. This indicates that it is pref-
erable to compress data at 8 bits/clock. While the compres-
sion ratio is not reduced in this case, the compression speed is
lower than those in the cases of the 32-bit period and 16-bit
period.

The balance between the compression ratio and the speed
(the compression speed) is adjusted by changing the quanti-
zation value in this way. In such a case, in a printer having a
larger memory, the compression speed can be increased while
the compression ratio may be somewhat reduced by increas-
ing the quantization value. In a printer having a smaller
memory, a choice such as decreasing the quantization value
(or not performing the quantization) to keep the compression
speed without reducing the compression ratio is possible.

As described above, according to the present embodiment,
matches are counted in a plurality of periods. The values of
the match counts are quantized (lower bits of the values of the
match counts are masked), thereby causing the numbers of
matches to be the same value when the difference between the
numbers of matches is small and selecting the value in a larger
period when the numbers of matches have the same value.
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Accordingly, when the difference in the values of the match
counts in the respective periods is small, the difference is not
considered, so that the data can be coded with as long a period
as possible to increase the coding rate.

According to the embodiment, data can be coded with as
long aperiod as possible among periods with which input data
and dictionary data matches the most, thereby further increas-
ing the coding rate.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

What is claimed is:

1. A data processing device that codes data, comprising:

a data reading unit that reads a predetermined amount of
data stored in a data storage unit;

a data-period selection unit that selects a data period for the
read data by performing a data period detection opera-
tion on the read data in units of the predetermined
amount of data;

a data clipping unit that clips data from the read data with
the data period selected by the data-period selection
unit;

an intermediate-data conversion unit that converts the
clipped data into intermediate data; and

a coding processing unit that codes the intermediate data
converted by the intermediate-data conversion unit,

wherein,
the data-period selection unit is configured to divide the

read data in units of respective predetermined periods,
the data-period selection unit has a match count unit that
is configured to obtain count values of matches in data
between pieces of the divided data,
the data-period selection unit includes a quantization
unit configured to quantize the count values of
matches in data, and
the quantization unit is configured to,
select one of the periods of divided data that provides
a largest one of the quantized count values of
matches obtained by the match count -unit, or
select, when some of the quantized count values are
the same,
a largest one of the periods that provide a same count
value.

2. The data processing device according to claim 1,
wherein the quantization unit is configured to quantize the
count values of matches in data by removing a reference
number of least significant bits from each of the count values
of'matches in data, such that a difference between magnitudes
of'a pair of count values, from among the count values of the
matches in data, is removed with respect to a pair of quantized
values generated by quantizing the pair of count values, if the
difference between the magnitudes of the pair of count values
is below a threshold value.

3. The data processing device according to claim 1,
wherein the intermediate-data conversion unit is configured
to coverts the data with the largest period selected by the
data-period selection unit.

4. The data processing device according to claim 1,
wherein the intermediate-data conversion unit includes a dic-
tionary, and is configured to converts input data into interme-
diate data that reflects a match or a mismatch between the
input data and dictionary data of the dictionary.
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5. The data processing device according to claim 4,
wherein the dictionary is a dictionary of a Move-To-Front
(MTF) method or a First In First OUT (FIFO) method.
6. The data processing device according to claim 1,
wherein the coding processing unit is a Huffman-coding pro-
cessing unit configured to performs Huffman coding on the
intermediate data.
7. The data processing device according to claim 1,
wherein the data-period selection unit has a match counter
that is configured to,
divide data of one word into plural pieces of data with
predetermined data widths,
count matches in data between pieces of divided data, and
select one of the data widths that provides a largest one
of total count values of the match counter for a same
number of words, or

select, when some of the count values are the same, a
largest one of the data widths of divided data that
provide the same count value, as a data width for
clipping.

8. The data processing device according to claim 1,
wherein the quantization unit is configured such that a quan-
tization value used by the quantization unit to quantize the
count values of matches is selectable from among a plurality
of quantization values supported by the quantization unit.

9. A data processing method performed in a data process-
ing device that codes data, the data processing method com-
prising:

a data reading step of reading a predetermined amount of

data stored in a data storage unit;

a data-period selection step of selecting a data period for
the read data by performing a data period detection
operation on the read data in units of the predetermined
amount of the data;

a data clipping step of clipping data from the read data with
the data period selected at the data-period selection step;

an intermediate-data conversion step of converting the
clipped data into intermediate data; and

a coding processing step of coding the intermediate data
converted at the intermediate-data conversion step,

wherein
the data-period selection step includes dividing the read

data in units of respective predetermined periods,
the data-period selection step includes a match count

step of obtaining count values of matches in data

between respective pieces of the divided data,
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the data-period selection step includes a quantization
step of quantizing the count values of matches in data,
and
the quantization step includes,
selecting one of the periods of divided data that pro-
vides a largest one of the quantized count values of
matches obtained at in the match count step, or
selecting, when some of the quantized count values
are same, a largest one of the periods that provide a
same count value.

10. A computer program product comprising a non-transi-
tory computer-usable medium having computer-readable
program codes embodied in the medium, wherein the pro-
gram codes when executed causes a computer to execute a
data processing method performed in a data processing
device that codes data, the data processing method compris-
ing:

a data reading step of reading a predetermined amount of

data stored in a data storage unit;

a data-period selection step of selecting a data period for
the read data by performing a data period detection
operation on the read data in units of the predetermined
amount of the data;

a data clipping step of clipping data from the read data with
the data period selected at the data-period selection step;

an intermediate-data conversion step of converting the
clipped data into intermediate data; and

a coding processing step of coding the intermediate data
converted at the intermediate-data conversion step,

wherein
the data-period selection step includes dividing the read

data in units of respective predetermined periods,
the data-period selection step includes a match count
step of obtaining count values of matches in data
between respective pieces of the divided data,
the data-period selection step includes a quantization
step of quantizing the count values of matches in data,
and
the quantization step includes,
selecting one of the periods of divided data that pro-
vides a largest one of the quantized count values of
matches obtained at the match count step, or
selecting, when some of the quantized count values
are same, selecting a largest one of the periods that
provide a same count value.
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